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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently heat a toner 
image and prevent use of a large capacity of alternating 
magnetic field generating source, and the generation of a 
leakage magnetic flux in a heating device for heating the 
toner image on a carrying body having a thin film-like 
heat generating layer by electromagnetic induction 
action, and providing an image forming device. 
SOLUTION: An exciting coil 2 comprising a first coil 2a 
and a second coil 2b arranged so as to face each other 
on both sides of a carrying body 1 having a heat 
generating layer 12 on the inside is installed. The heat 
generating layer 1 2 made of a low electric-conductivity 
material is formed in a thin layer. The exciting coil 2 is 
pair coil connected by coupling magnetically adding the 
operations of the first coil 2a and the second coil 2b, 
and a power source device 3 for applying AC voltage is 
connected to the exciting coil 2. A magnetic flux being 
excited with the exciting coil 2 forms a loop passing 
through the heat generating layer 12, and the heat 
generating layer 1 2 is efficiently heated. 
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(54) HEATING DEVICE AND IMAGE FORMING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently heat a toner image and prevent 
use of a large capacity of alternating magnetic field generating source, and 
the generation of a leakage magnetic flux in a heating device for heating 
the toner image on a carrying body having a thin film-like heat generating 
layer by electromagnetic induction action, and providing an image forming 
device. 

SOLUTION: An exciting coil 2 comprising a first coil 2a and a second coil 
2b arranged so as to face each other on both sides of a carrying body 1 
having a heat generating layer 1 2 on the inside is installed. The heat 
generating layer 12 made of a low electric-conductivity material is formed 
in a thin layer. The exciting coil 2 is pair coil connected by coupling 
magnetically adding the operations of the first coil 2a and the second coil 
2b, and a power source device 3 for applying AC voltage is connected to 
the exciting coil 2. A magnetic flux being excited with the exciting coil 2 
forms a loop passing through the heat generating layer 12, and the heat 
generating layer 1 2 is efficiently heated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the heating apparatus with which cumulative connection combination of the 1st exiting coil of the above 
and the 2nd exiting coil is magnetically carried out, and magnetic flux excited by these exiting coils is characterized by 
being set up so that the aforementioned exoergic layer may be penetrated by having the following. The conveyance 
object which has the exoergic layer of the shape of a thin layer which consists of a conductive material, and moves in 
the direction parallel to this exoergic layer. The 1st exiting coil prepared in the position which counters mutually [ the 
both sides of this conveyance object ], and the 2nd exiting coil. The power unit which impresses alternating voltage to 
this 1st exiting coil and the 2nd exiting coil. 

[Claim 2] The aforementioned exoergic layer is heating apparatus according to claim 1 with which it consists of a 
nonmagnetic material which has copper, silver, aluminum or these, and the electrical resistivity below equivalent, and 
the thickness of this exoergic layer carries out the feature of being 20 micrometers or less in 0.1 micrometers or more. 
[Claim 3] It is image formation equipment which is characterized by providing the following and is characterized by 
arranging the 1st exiting coil of the above, and the 2nd exiting coil so that electromagnetic-induction heating of the 
aforementioned exoergic layer may be carried out by impression of alternating voltage. The toner image support 
conveyance object driven so that the toner image formed by adhering a toner to the latent image by the difference of 
electrostatic potential may be supported on an endless-like peripheral surface and this peripheral surface may carry out 
circumference movement. The 1st exiting coil prepared in the inside and the outside of this toner image support 
conveyance object so that it might counter mutually, and the 2nd exiting coil. The power unit which impresses 
alternating voltage to this 1st exiting coil and the 2nd exiting coil. It is the exoergic layer of the shape of a thin layer 
which it has a press means to press a record medium on this toner image support conveyance object, by the 
downstream of the position where the above 1st in the circumference direction of the aforementioned toner image 
support conveyance object and the 2nd exiting coil counter, and the aforementioned toner image support conveyance 
object becomes from a conductive material in accordance with a peripheral surface. 

[Claim 4] The 1st exiting coil of the above and the 2nd exiting coil of the above are image formation equipment 
according to claim 3 which cumulative connection combination is magnetically carried out and is characterized by 
setting up the magnetic flux excited by these exiting coils so that the aforementioned exoergic layer may be penetrated. 

[Claim 5] The exoergic layer which the aforementioned toner image support conveyance object has is image formation 
equipment according to claim 4 with which it consists of a nonmagnetic material which has copper, silver, aluminum 
or these, and the electrical resistivity below equivalent, and the thickness of this exoergic layer carries out the feature 
of being 20 micrometers or less in 0.1 micrometers or more. 

[Claim 6] The alternating voltage and frequency which are impressed to the 1st exiting coil of the above, and the 2nd 
exiting coil from the aforementioned power unit It is supported on the aforementioned toner image support conveyance 
object, and it is set up so that the temperature of a toner just before being pressed by the aforementioned record 
medium may become more than the softening temperature of this toner, by press of the aforementioned press means 
The range by which the pressure welding of the aforementioned record medium is carried out to the aforementioned 
toner image support conveyance object is image formation equipment given in either the claim 3 which carries out the 
feature of being set up so that the aforementioned toner temperature may become below softening temperature the 
moment the aforementioned record medium dissociates from this toner image support conveyance object, a claim 4 or 
the claim 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the heating apparatus which heats the heated 
object supported on a conveyance object, and the image formation equipment of the electrophotography method with 
which this heating apparatus is used, and relates to the heating apparatus which more specifically heats a heated object 
with an electromagnetic-induction heating method using the exoergic layer which consists of a conductive material, 
and the image formation equipment which applies this heating apparatus to the imprint fixing equipment of a toner 
image. 
[0002] 

[Description of the Prior Art] Conventionally, with the image formation equipment represented by a copying machine, 
the printer, etc., the heating fixing equipment for fixing a non-established toner image to record material is used. This 
heating fixing equipment has the heat mechanical control by roller in use which used for example, the halogen lamp, 
and has the SURF method fixed to others by contacting a band-like heater to an endless film inside as a source of 
heating. 

[0003] The heating apparatus of a heat mechanical control by roller is heated by heat sources, such as a halogen lamp, 
and considers the roll-kneader pair of the heat roll by which temperature control was carried out to predetermined 
temperature, and the pressure roll by which the pressure welding was carried out to this as basic composition. And 
heating fixing of the non-established toner image of record material is carried out with the heat of a heat roll by 
introducing record material into the pressure-welding nip section of both rolls, and carrying out pinching conveyance. 
Moreover, a SURF method contacts a band-like heater to an endless film inside, and makes record material carry out 
heating fixing of the toner image with the heat. 

[0004] Moreover, in case a toner image is imprinted from a middle imprint object to record material, the image 
formation equipment which heats a toner image and performs imprint and fixing simultaneously is used. This image 
formation equipment imprints the toner image on an image support primarily on the middle imprint object which has a 
mold-release characteristic, and is a toner image on this middle imprint object Heating - You fuse on record material 
by the pressurization means, and make it established simultaneously with a secondary imprint. This pressurization - 
While the heating roller and pressure roll by which a pressure welding is carried out, for example through a middle 
imprint object as a heating means are known and fusing the toner on a middle imprint object by the heating roller in 
both pressure-welding section, record material is made to permeate, and this record material is exfoliated from this 
middle imprint object using the mold release effect of a middle imprint object. Thus, the image formation equipment 
which performs imprint and fixing simultaneously is indicated by JP,2- 106774, A, JP,64-1027,B, JP,57- 163264, A, 
JP,50-107936,A, JP,49-78559,A, etc. 
[0005] 

[Problem(s) to be Solved by the Invention] However, there is a trouble as shown below with the above conventional 
equipments. When using a halogen lamp as a source of heating, it is a radiation heating method, and the efficiency of 
heat transfer to heated objects, such as a non-established toner image, is low, and heat loss is large. Moreover, it has 
the problem of taking time before giving a predetermined heating value to a heated object, since a heated object is not 
heated directly. Moreover, since a heated object is made to carry out pressurization contact, the heater itself is made to 
generate heat and heat conduction of this heat is carried out to a heated object although the above-mentioned trouble is 
solved when using a band-like heater etc., it has the fault that driving torque is large and can apply only to a small 
machine. 

[0006] Although there is heating apparatus of the middle imprint method which performs an above-mentioned imprint 
and above-mentioned fixing simultaneously as heating apparatus of image formation equipment, thermal loss is large, 



Page 2 of 10 



in order to have taken the method which gives heat to a heating roller and is heat-conducted on the middle imprint 
object which is a heated object and to heat the whole middle imprint object. 

[0007] The heating apparatus of an electromagnetic-induction heating method is proposed as a heating means to solve 
this. This heating apparatus lays a heated object on the heating component in which the exoergic layer which consists 
of a conductive material was formed, arranges an exiting coil to the front face of this heated object, and non-contact, 
and makes alternating field act. And an exoergic layer is made to produce an eddy current by this alternating field, and 
a heated object is heated by self-generation of heat of the exoergic layer by electromagnetic induction. Since the 
heating apparatus using such an electromagnetic-induction heating method is a non-contact heating means, it lessens 
inclusion which spoils thermal efficiency and has the advantage that heat can be directly given to a heated object. 
Moreover, since only the required place of a heated object can be heated, thermal efficiency is high. 
[0008] However, the heating apparatus of such an electromagnetic-induction method has the fault that the power-factor 
of the AC circuit determined with the heating element arranged the problem that the exiting coil of the police box 
magnetic field generation source arranged around a heating unit becomes large-sized, and near the exiting coil is low, 
and a drive power supply large-capacity-izes. Moreover, when heating by the electromagnetic-induction heating 
method, the magnetic field which leaked from the police box magnetic field generation source may heat other metal 
sections etc., or evils, such as having a bad influence on a human body, may arise. For this reason, magnetic leakage 
flux must fully be collected and it becomes the problem that the heating unit circumference is enlarged. 
[0009] It is offering the heating apparatus which this invention's is made in view of the above troubles, and the 
purpose's enables a setup of the high power-factor of the AC circuit which contains an exiting coil while being able to 
heat efficiently the conveyance object which has the exoergic layer which generates heat by electromagnetic-induction 
operation, and can prevent enlargement of the police box magnetic field generation source of the exoergic section 
circumference, and generating of magnetic leakage flux. Furthermore, while being able to carry out imprint fixing of 
the non-established toner image on a toner image support conveyance object certainly to record material by using this 
heating apparatus, it is offering the image formation equipment which can be printed high-speed with the limited 
power. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, invention according to claim 1 The 
conveyance object which has the exoergic layer of the shape of a thin layer which consists of conductivity material, 
and moves in the direction parallel to this exoergic layer, The 1st exiting coil prepared in the position which counters 
mutually [ the both sides of this conveyance object ], and the 2nd exiting coil, It has the power unit which impresses 
alternating voltage to the this 1st exiting coil, and the 2nd exiting coil. The 1st exiting coil of the above and the 2nd 
exiting coil The heating apparatus which cumulative connection combination is magnetically carried out and is 
characterized by setting up the magnetic flux excited by these exiting coils so that the aforementioned exoergic layer 
may be penetrated is offered. 

[001 1] In such heating apparatus, since cumulative connection combination of the 1st exiting coil and 2nd exiting coil 
which were prepared in the both sides of a conveyance object is carried out magnetically, the magnetic flux by these 
exiting coils penetrates an exoergic thin layer-like layer easily. Thereby, an eddy current is guided to an exoergic layer 
and it generates heat in it. And since the exoergic layer has become thin layer-like, while temperature rises in short 
time and passing through between the exiting coils whose number is two, it is fully heated. Moreover, if an exiting coil 
is prepared in the both sides of an exoergic layer as mentioned above and magnetic flux is made to penetrate, compared 
with the case where an exiting coil is prepared only in one side of an exoergic layer, a power- factor will improve that 
the volume (coil length of the cross-section x coil of a coil coil) of a coil is the same, and it will become possible to 
heat an exoergic layer effectively. 

[0012] More efficient heating is attained by guiding magnetic flux in the shape of a loop, and making it not spread in a 
peripheral surface by the member which consists of a magnetic material especially, as shown in drawing 1 1 (a) or 
d rawin g 1 1 (b). 

[0013] Invention according to claim 2 is set to heating apparatus according to claim 1. The aforementioned exoergic 
layer consists of a nonmagnetic material which has copper, silver, aluminum or these, and the electrical resistivity 
below equivalent. The thickness of this exoergic layer shall be 20 micrometers or less in 0.1 micrometers or more. 
[0014] The above-mentioned copper, silver, aluminum, and a nonmagnetic material that has the following resistivity 
similarly contain the alloy containing these besides the three above-mentioned sorts of metals, or the alloy of metals 
other than these. Resistivity is almost the same as aluminum (resistivity : 2.66x10-8 ohm-m) with the largest resistivity 
among the three above-mentioned sorts of metals, or the material of a value smaller than this corresponds. 
[0015] In such heating apparatus, since exoergic layer thickness is as thin as 0.1 to 20 micrometers and heat capacity is 
small, it can heat to an elevated temperature at very short time. Moreover, it can also cool quickly. 
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[0016] Moreover, although the exoergic layer when generally performing electromagnetic-induction heating has a 
* desirable magnetic material, when exoergic layer thickness is made small as mentioned above, electric resistance 
becomes large, the amount of an eddy current falls and heating effectively becomes difficult. On the other hand, the 
direction of material with resistivity smaller than iron, nickel, etc. which are a general magnetic material can make it 
generate heat effectively, this invention is made by finding out such a new fact, and it performs efficient heating while 
it makes an exoergic layer thin and performs rapid heating and cooling. 

[0017] Furthermore, by using a non-magnetic material as an exoergic layer, skin-depth delta shown by the following 
formula becomes large, and can make an actual exoergic layer a thing smaller enough than this skin depth. And when 
exoergic layer thickness is thinner enough than the skin depth, magnetic flux penetrates an exoergic layer easily and 
efficient heating is performed. 

Skin-depth delta=root(2/microsigmaomega) =root(2 rho/mu omega) =503root (rho/finur ) 

mu: Permeability (H/m) 

sigma: Conductivity (l-/ohm-m) 

omega: Angular frequency (=2pif) (1/sec) 

f: Frequency (Hz) 

rho: Resistivity (ohm-m) 

mur : Relative permeability (= mu/mu 0) 

mu 0 : Space permeability (=4pixl0-7 H/m) 

[0018] Invention according to claim 3 The toner image support conveyance object driven so that the toner image 
formed by adhering a toner to the latent image by the difference of electrostatic potential may be supported on an 
endless-like peripheral surface and this peripheral surface may carry out circumference movement, The 1st exiting coil 
prepared in the inside and the outside of this toner image support conveyance object so that it might counter mutually, 
and the 2nd exiting coil, Power unit which impresses alternating voltage to the this 1st exiting coil and, and the 2nd 
exiting coil By the downstream of the position where the above 1st in the circumference direction of the 
aforementioned toner image support conveyance object and the 2nd exiting coil counter It has a press means to press a 
record medium on this toner image support conveyance object. The aforementioned toner image support conveyance 
object In accordance with peripheral surface, it has the exoergic layer of the shape of a thin layer which consists of a 
conductive material. The 1st exiting coil of the above and the 2nd exiting coil offer the image formation equipment 
characterized by being arranged by impression of alternating voltage so that electromagnetic-induction heating of the 
aforementioned exoergic layer may be carried out. 

[0019] With such image formation equipment, since the exiting coil which constitutes heating apparatus is prepared in 
the upstream from the position where a record medium is pressed by the toner image support conveyance object, and 
the imprint of a toner image is performed, sufficient space for the both sides of the inside of a toner image support 
conveyance object which has an endless-like peripheral surface, and an outside can be secured, an exiting coil can be 
prepared in the both sides of this toner image support conveyance object, and it can heat quickly. And the toner 
currently supported by this toner image support conveyance object is softened, the toner softened when the pressure 
welding of the record medium was carried out with the press means in a downstream adheres in a record medium 
strongly, and imprint and fixing are simultaneously performed by heating of an exoergic layer. 

[0020] By heating quickly [ just before making an exoergic layer thin as mentioned above and carrying out the pressure 
welding of the toner image to a record medium ], there is little heat energy for softening a toner image, it ends, and 
efficient imprint and fixing are performed. Moreover, since the heat capacity of a toner image support conveyance 
object can be made small and it is cooled quickly, even if a toner image support conveyance object is a middle imprint 
object and approaches with a photo conductor, the influence on a photo conductor can be reduced. 
[0021] Invention according to claim 4 is set to image formation equipment according to claim 3. The 1st exiting coil of 
the above, and the 2nd exiting coil of the above Cumulative connection combination shall be carried out magnetically, 
and the magnetic flux excited by these exiting coils shall be set up so that the aforementioned exoergic layer may be 
penetrated. 

[0022] With such image formation equipment, since cumulative connection combination of the 1st exiting coil and 2nd 
exiting coil which were prepared in the both sides of a toner image support conveyance object is carried out 
magnetically, the magnetic flux by these exiting coils penetrates an exoergic layer easily. Thereby, an eddy current is 
guided to an exoergic layer and the toner image on a toner image support conveyance object is heated by generation of 
heat of an exoergic layer. Since this exoergic layer has become thin layer-like, while temperature rises in short time 
and passing through between the exiting coils whose number is two, a toner image is fully heated, and it softens. 
Moreover, an exiting coil can be prepared in the both sides of an exoergic layer as mentioned above, a power-factor 
can improve by making magnetic flux penetrate, an exoergic layer can be heated effectively, and a toner can be 
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softened. 

[0023] Invention according to claim 5 is set to image formation equipment according to claim 4. The exoergic layer 
which the aforementioned toner image support conveyance object has consists of a nonmagnetic material which has 
copper, silver, aluminum or these, and the electrical resistivity below equivalent. The thickness of this exoergic layer 
shall be 20 micrometers or less in 0.1 micrometers or more. 

[0024] With such image formation equipment, since exoergic layer thickness is as thin as 0.1 to 20 micrometers and 
heat capacity is small, it can heat to an elevated temperature at very short time, and can also cool quickly. Moreover, 
when exoergic layer thickness is made small, it can be made to generate heat effectively compared with iron, nickel, 
etc. which are a magnetic material by using material with small resistivity like the above-mentioned copper, silver, and 
aluminum. Furthermore, when exoergic layer thickness is thinner enough than the skin depth, magnetic flux can 
penetrate an exoergic layer easily and efficient heating can be performed. 

[0025] Invention according to claim 6 is set to image formation equipment given in either a claim 3, a claim 4 or the 
claim 5. The alternating voltage and frequency which are impressed to the 1st exiting coil of the above, and the 2nd 
exiting coil from the aforementioned power unit It is supported on the aforementioned toner image support conveyance 
object, and the temperature of a toner just before being pressed by the aforementioned record medium is set up so that 
it may become more than the softening temperature of this toner. By press of the aforementioned press means Range 
by which the pressure welding of the aforementioned record medium is carried out to the aforementioned toner image 
support conveyance object The moment the aforementioned record medium dissociates from this toner image support 
conveyance object, it shall be set up so that the aforementioned toner temperature may become below softening 
temperature. 

[0026] With such image formation equipment, the toner image on a toner image support conveyance object is rapidly 
heated to more than the softening temperature temperature of a toner by setting up appropriately the alternating voltage 
and frequency which are impressed to the 1st exiting coil and the 2nd exiting coil. And the pressure welding of this 
toner image is carried out to the record medium of ordinary temperature in the opposite section with a press means. 
Although poor fixing will occur since the adhesive strength which works to the interface of a toner and a record 
medium is not enough if the toner temperature of the moment the toner contacted the record medium is lower than 
toner softening temperature temperature, by fully heating the toner as mentioned above, the fused toner invades 
between the fiber of a record medium, and adheres. Furthermore, by carrying out the pressure welding of the toner 
image to the record medium of ordinary temperature, the temperature of a toner falls rapidly, and when a record 
medium dissociates from a toner image support conveyance object, toner temperature becomes below softening 
temperature. Since the fluidity is small, the whole quantity of a toner is united and this toner adheres to a record 
medium. For this reason, when a record medium is separated from a toner image support conveyance object, 
generating of the so-called offset to which a toner is divided and a part remains in a toner image support conveyance 
object side is prevented, and fixing is performed simultaneously with an imprint at very high efficiency. 
[0027] 

[Embodiments of the Invention] Hereafter, the form of operation of the invention in this application is explained based 
on drawing. Drawing 1 is the outline block diagram showing the heating apparatus which is the 1st operation form of 
invention according to claim 1 or 2. The principal part consists of an exiting coil 2 which consists of the 1st coil 2a 
prepared so that this heating apparatus might counter mutually the both sides of the cylinder-like conveyance object 1 
with which circumference movement was supported possible, and this conveyance object 1, and the 2nd coil 2b, and a 
power unit 3 which impresses alternating voltage to this exiting coil 2. 

[0028] The above-mentioned conveyance object 1 has the exoergic layer 12 of the shape of a thin layer which carries 
out self-generation of heat by electromagnetic-induction operation, and the surface layer 13 on it in the peripheral 
surface of the heat-resistant high cylinder-like base material 11. Thickness is 10mm - 0.1 micrometers, specific 
resistance consists of an electric good conductor material of 10-10 - 10-5 ohm-m, and the exoergic layer 12 produces 
joule generation of heat by the eddy current loss. As for example, a ferromagnetic material or a diamagnetism material, 
a metal, metallic compounds, an organic conductor, etc. can be used for this layer, and iron, nickel, cobalt, copper, 
silver, aluminum, or those compounds are selectable in more detail. Since the low thing of electrical resistivity, such as 
copper, silver, and aluminum, is desirable and especially copper is the optimal if febrile ability is taken into 
consideration among these, this has been adopted with this operation form. Moreover, the thickness of the exoergic 
layer 12 has as thin the desirable one as possible, and 0.1 micrometers - its 20 micrometers are especially the optimal. 
[0029] The above-mentioned exiting coil 2 is a pair coil with which it consisted of the 1st coil 2a arranged on the 
outside of the conveyance object 1, and the 2nd coil 2b arranged inside, and cumulative connection combination of 
these was carried out magnetically. Thus, when cumulative connection combination is carried out, the magnetic flux 
excited by these exiting coils 2 penetrates the exoergic layer 12 of the conveyance object 1 . 
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[0030] Moreover, Ferromagnetics 14a and 14b are formed around 1st coil 2a and 2nd coil 2b, respectively. These 
ferromagnetics 14a and 14b are for completing magnetic leakage flux while forming them into a high inductance, in 
order to acquire the outstanding heating efficiency. What has very small hysteresis loss, eddy current losses, etc., such 
as a soft ferrite, is used for these ferromagnetics 14a and 14b. 

[0031] The exiting coil 2 which consists of coil 2a of the above 1st and the 2nd coil 2b is driven by the single power 
unit 3, and 20k-100kHz RF alternating voltage is impressed from this power unit 3. The inductance of the above- 
mentioned exiting coil 2 changes and determines the magnetic degree of coupling of the inductance component of 1st 
coil 2a, and the inductance component of 2nd coil 2b. Magnetic degree of coupling is determined as the distance of the 
exoergic layer 12 and an exiting coil by the magnetic field which each coil makes. 

[0032] Although the frequency of the alternating voltage impressed to an exiting coil 2 can be determined with the 
thickness, the permeability, and specific resistance of the exoergic layer 12, if magnetic flux interlinks perpendicularly 
to the exoergic layer 12 to the thickness of the exoergic layer 12 when width of face and length are 10 or more times, 
an eddy current loss will become large. For example, when the thickness of the exoergic layer 12 is the thin film which 
is 50micro - about 0.1 micrometers, frequency of alternating voltage is made into high frequency 10kHz or more, and 
the magnetic flux by the exiting coil 2 is made to interlink perpendicularly to an exoergic layer. 
[0033] In the above heating apparatus, if alternating voltage is impressed to 1st coil 2a and 2nd coil 2b by which 
cumulative connection combination was carried out magnetically from a power unit 3, as shown in drawing 1 , the 
magnetic flux by these exiting coils 2 will penetrate the exoergic layer 12, and will be guided in the shape of a loop. 
And an eddy current occurs in the exoergic layer 12 perpendicular to this magnetic flux, and the exoergic layer 12 
generates heat with the specific resistance of this eddy current and an exoergic layer. Since this exoergic layer 12 has 
become thin film-like, while temperature rises in short time and the conveyance object 1 passes the opposite section of 
1st coil 2a and 2nd coil 2b, it is frilly heated. 

[0034] Next, in the above-mentioned heating apparatus, the basis for selecting the material and thickness of an 
exoergic layer is explained. As mentioned above, skin-depth delta is frequency f (Hz), resistivity rho (ohm-m), and 
relative permeability mur. delta=503root (rho/fmur ) 
It is expressed. 

[0035] As a material of an exoergic layer, they are the resistivity rho of copper, nickel, iron, silver, and aluminum 
(ohm-m), and relative permeability mur. If it attaches, it is shown like Table 1. 
[Table 1] 
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[0036] If skin-depth delta is computed by furthermore changing frequency f to several step story, it will become as it is 
shown in Table 2-6. 
[Table 2] 
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• [0037] 
[Table 3] 
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[Table 4] 
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[0039] 

[Table 5] 
a fr <m 
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[0040] 
[Table 6] 
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[0041] Resistivity rho is small like these front twists, copper, silver, and aluminum, and it is relative permeability mw\ 
By using a large material, skin-depth delta becomes large. Therefore, by setting up exoergic layer thickness smaller 
enough than skin-depth delta, magnetic flux penetrates an exoergic layer easily and efficient heating is performed. 
Since the exoergic layer thickness of this operation form is as thin as 0.1 to 20 micrometers and heat capacity is small, 
it can heat to an elevated temperature extremely in a short time. 

[0042] Moreover, although the exoergic layer when generally performing electromagnetic-induction heating has a 
desirable magnetic material, when exoergic layer thickness is made thin as mentioned above, electric resistance 
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becomes large, the amount of an eddy current falls and heating effectively becomes difficult. On the other hand, the 
direction of material, such as copper and silver with resistivity smaller than iron, nickel, etc. which are a magnetic 
material, and aluminum, can make it generate heat effectively. 

[0043] Next, the result which conducted the experiment which compares the heating apparatus of this operation form 
which made an outside and the inside carry out cumulative connection combination of the exiting coil on both sides of 
an exoergic layer with the conventional heating apparatus which has arranged the exiting coil only to outside one side 
of an exoergic layer is explained. In this experiment, copper with a thickness of 2 micrometers is used as an exoergic 
layer. Both the equipments of the former and this operation form make equal the distance of an exoergic layer and an 
exiting coil, and the resistance component of an exiting coil, and both equipments set up a heating state so that the 
same conditions may be acquired. A power-factor is computed from the current which flows to an exiting coil, and the 
phase contrast of voltage, and outside coil volume is comparing the size of an exiting coil. Moreover, magnetic leakage 
flux measures and compares the average of the flux density revealed to the exiting-coil periphery, after preparing 
conditions from which both equipments prepare a ferromagnetic around an exiting coil, and collect magnetic flux. The 
result is shown in Table 7. 
[0044] 
[Table 7] 
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[0045] As shown in Table 7, with the conventional heating apparatus, it turns out to a power-factor being about 0.35 
that it becomes high to about 0.85, and a power-factor improves even if the whole coil volume is almost the same with 
the heating apparatus of this operation form. Therefore, low-capacity-izing of the power unit which drives an exiting 
coil, and low-cost-ization are attained. Moreover, in the heating apparatus of this operation form, it turns out that 
magnetic leakage flux can also be sharply reduced compared with the conventional heating apparatus. For this reason, 
enlargement of the equipment for collecting magnetic leakage flux etc. can be prevented. 
[0046] Drawing 2 is the outline block diagram showing the heating apparatus which is the 2nd operation form of 
invention according to claim 1 or 2. This heating apparatus was replaced with the cylinder-like conveyance object 1 of 
the heating apparatus shown in drawing 1 , and is equipped with the conveyance object 21 which consists of an endless 
belt-like member. This conveyance object 21 has the conductive layer 32 of the shape of a thin layer which carries out 
self-generation of heat by electromagnetic-induction operation, and the surface layer 33 on it in the peripheral surface 
of the sheet base material 3 1 of the heat-resistant shape of endless [ high ]. And by the driving means which are not 
illustrated, circumference movement is carried out in the direction of an arrow shown in drawing 2 . In addition, this 
heating apparatus is equipped with the exiting coil 22 which consists of the 1st coil 22a and the 2nd coil 22b, a power 
unit 23, and Ferromagnetics 34a and 34b like the equipment shown in dra wing 1 , and these composition is the same as 
what is shown in drawing 1 . 

[0047] The silver which changed thickness into three sorts, 20 micrometers, 10 micrometers, and 2 micrometers, is 
used for the above-mentioned exoergic layer 32. Moreover, the thing of 20k-100kHz high frequency is used for the 
alternating voltage impressed to an exiting coil 22. 

[0048] In such heating apparatus, since 1st coil 22a and 2nd coil 22b are arranged on both sides of the exoergic layer 
32 of the conveyance object 21 at an outside and the inside and cumulative connection combination of these is carried 
out magnetically, the magnetic flux by these exiting coils penetrates the exoergic layer 32, and an exoergic layer is 
rapidly heated by the eddy current. When three kinds of exoergic layers which changed thickness as mentioned above 
were used, in all cases, the good exoergic effect was able to be acquired. 

[0049] Drawin g 3 is the outline block diagram showing the heating apparatus which is the 3rd operation form of 
invention according to claim 1 or 2. This heating apparatus is replaced with the exiting coil 22 of the heating apparatus 
shown in drawing 2 , and arranges two independent exiting coils 52 and 53 in parallel in the endless belt-like 
conveyance object 51 and the position which counters. An exiting coil 52 consists of the 1st coil 52a of the outside of 
the conveyance object 51, and the 2nd inside coil 52b, cumulative connection combination of these is carried out 
magnetically, an exiting coil 53 consists of the 1st coil 53a of the outside of the conveyance object 51, and the 2nd 
inside coil 53b similarly, and cumulative connection combination of these is carried out magnetically. In addition, with 
this equipment, it has the conveyance object 51 which has the exoergic layer 62 and a surface layer 63, and the power 
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unit 54 which impresses alternating voltage to exiting coils 52 and 53 on the base material 61, and these composition is 
the same as the equipment shown in drawing 2 . 

[0050] In such heating apparatus, the exoergic layer 62 is heated by electromagnetic-induction operation by the 
conveyance object 51 and two exiting coils 52 and 53 which counter. For this reason, the exoergic layer 62 can be 
heated in the large range of the conveyance object 51, and it is advantageous to take a large heating field. 
[0051] Drawin g 4 is the outline block diagram showing the heating apparatus which is the 4th operation form of 
invention according to claim 1 or 2. This heating apparatus was replaced with the exiting coil 22 of the heating 
apparatus shown in drawing 2 , and is equipped with the exiting coil 72 arranged so that the direction of a coil of a coil 
may become almost parallel to the peripheral surface of the conveyance object 71 . This exiting coil 72 consists of the 
1st coil 72a of the outside of the conveyance object 71, and exiting-coil 72b inside the conveyance object 71, and each 
is wound around Ferromagnetics 84a and 84b about. In addition, other composition of this heating apparatus is the 
same as the heating apparatus shown in drawing 2 . Also in such heating apparatus, as shown in drawing 4 , the 
magnetic flux by the exiting coil 72 is guided in the shape of [ which pierces through the exoergic layer 82 of the 
conveyance object 71 ] a loop, and can heat the exoergic layer 82 efficiently. 

[0052] Drawing 5 is the outline block diagram showing the image formation equipment which is a claim 3, a claim 4, 
and the 1st operation form of invention according to claim 5 or 6. This image formation equipment is equipped with 
the endless belt-like middle imprint object 105 with which the peripheral surface was supported possible [ the 
circumference ], and four image formation units 107Y, 107M, 107C, and 107B which form yellow, a Magenta, 
cyanogen, and the toner image of black in this middle imprint object 105 and the position which counters are arranged. 
The electrification equipment 102 which each image formation unit has [ equipment ] the image support 101 by which 
an electrostatic latent image is formed in a front face, and electrifies the front face of this image support 101 in Mr. 
simultaneously Hajime around each image support 101, It has the aligner 103 which irradiates **** and forms a latent 
image in an image support body surface, the developer 104 which is made to transfer a toner to the latent image formed 
on the image support alternatively, and forms a toner image, and the primary transfer roller 106 which imprints the 
toner image on an image support on the middle imprint object 105. 

[0053] Inside the above-mentioned middle imprint object 105, the drive roll 108, the tension roll 109, the support roll 
1 10,1 12, and the secondary transfer roller 1 13 are arranged, and the middle imprint object 105 is laid by these possible 
[ the circumference ]. It has the secondary transfer roller 113 and the pressure roll 1 14 which presses the middle 
imprint object 105 to the secondary transfer roller 1 13 in the position which counters, and the heating apparatus 120 
which heats the toner image imprinted on the middle imprint object 105 by electromagnetic-induction operation is 
formed in the circumference direction upstream of the middle imprint object 105 of these press sections. The paper 
guide 1 17 which furthermore sends the record material 116 into the pressure- welding section of a pressure roll 1 14 and 
the middle imprint object 105, and the interior material 1 18 of a proposal which guides record material in the 
predetermined conveyance direction are arranged. 

[0054] The above-mentioned middle imprint object 105 has the dielectric exoergic layer 132 which carries out self- 
generation of heat by electromagnetic-induction operation, and the surface mold release layer 133 on it in the 
peripheral surface of the sheet base material 13 1 of the heat-resistant shape of endless [ high ], as shown in drawing 6 . 
This middle imprint object 105 carries out circumference movement at the rate of 160 mm/s in the direction of an 
arrow shown all over drawing by rotation of a drive roll 108. 

[0055] The above-mentioned heating apparatus 120 is equipped with the exiting coil which consists of the 1st coil 1 15a 
arranged on the outside of the middle imprint object 105, and the 2nd coil 1 15b arranged inside, and cumulative 
connection combination of 1st coil 1 15a and the 2nd coil 1 15b is carried out magnetically. This heating apparatus 120 
is the same as the heating apparatus shown in dra win g 2 . 

[0056] The inductance L of an exiting coil is set up so that the magnetic degree of coupling k of the inductance LI of 
1 st coil 1 1 5a and the inductance L2 of 2nd coil 1 1 5b may serve as the range of 0.65-0.95. This magnetic degree of 
coupling k is expressed with the following formulas. 
k=(L-Ll-L2) /2root (LlxL2) 

[0057] This magnetic degree of coupling k is determined in distance with the exoergic layer 132, the 1st coil 1 15a, and 
2nd coil 1 15b, and the configuration of the magnetic field which these exiting coils make. Thereby, the power- factor of 
an exiting coil and an exoergic layer can be set up in 0.4-0.9. Driving the exiting coil which consists of the 1st coil 
1 15a and the 2nd coil 1 15b with a single drive power supply (not shown), this drive power supply is 20k-100kHz RF 
AC power supply. 

[0058] As for the toner used with the above-mentioned image formation equipment, it is desirable to use the so-called 
sharp melt, if coloring nature and fixing nature are taken into consideration, and polyester resin etc. can be used as a 
binding resin. Moreover, 75-150 degrees C of things which have the softening temperature of 80-125-degree C low 
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temperature of the softening temperature of a toner are preferably good. Here, the toner which has sharp melt nature is 
temperature in case the melt viscosity of Tl and appearance shows 5x102 Pa-s for temperature in case apparent melt 
viscosity shows 103 Pa-s T2 When it carries out, it is Tl =80-140 degree C, and what satisfies T2-T1 =5 degree-C-20 
degree C conditions is said. The sharp melt nature resin which has these temperature-melt viscosity properties starts a 
viscosity down very sharply by being heated. This viscosity down produces the moderate mixture with the topmost part 
toner layer on a middle imprint object, and a bottom toner layer, makes the transparency of the toner layer itself 
increase rapidly further, and starts a good subtractive color mixture. 

[0059] Moreover, since the air included in fine particles escapes and the thermal conductivity in a toner layer rises by 
flow of this sharp melt toner, even when each color toner is piled up, the whole toner layer can be fused in short 
heating time, and it becomes effective especially with the image formation equipment of this operation gestalt. 
Furthermore, in this invention, although the color toner of such sharp melt nature has a large affinity and it is easy to 
offset at the time of fixing, since it exfoliates from the middle imprint object 105 at the temperature below softening 
temperature, offset is not generated at all. 

[0060] Next, operation of the above image formation equipments is explained. Image information is cyanogen (C). 
Magenta (M) Yellow (Y), It is decomposed into the image of four colors of black (K). The toner image of a color 
different, respectively is formed on the image support 101 of each image formation units 107Y, 107M, 107C, and 
107K. The middle imprint object 105 is carrying out circulation movement in the fixed direction, and a toner image is 
imprinted by operation of the primary transfer roller 106 from the image support 101. After a toner image is imprinted 
one by one from four sets of image formation units, the piled-up toner image G of four colors is conveyed to the field 
which counters with heating apparatus 120 by movement of the middle imprint object 105. 
[0061] And the exoergic layer 132 of the middle imprint object 105 generates heat by electromagnetic-induction 
operation in this field, and melting of the toner image of four colors on the middle imprint object 105 is carried out by 
heating. The pressure welding of the fused toner is carried out to the record material of a room temperature in the 
opposite position of the secondary transfer roller 1 13 and the pressure roll 1 14, a toner image permeates record 
material in an instant, and imprint fixing of it is carried out. At the outlet of a nip, since the temperature of a toner is 
falling by contact to record material and the cohesive force of a toner is large, imprint fixing of the toner image is 
carried out on record material as it is nearly completely, without producing offset. 

[0062] Next, in the above-mentioned image formation equipment, in order to check the effect of heating apparatus 120, 
the above-mentioned experiment and the experiment which investigates a power-factor similarly were conducted. The 
exoergic layer 132 is used as copper with a thickness of 2 micrometers in this experiment, and it is a police box 
magnetic field generation source 80cm of whole products 3 40cm3 rolled in the shape of a flat whorl using the litz wire 
which considered as the exiting coil and twisted phi= 0.3mm copper wire The exiting coil which two coils were created 
[ exiting coil ] and carried out cumulative connection combination has been arranged on both sides of the exoergic 
layer 132. When the distance of 100kHz, an exoergic layer, and an exiting coil was set as 5mm for the frequency of the 
alternating voltage impressed to an exiting coil at this time, as for the power-factor, 0.85 and the bird clapper were 
checked. 

[0063] On the other hand, one coil rolled in the shape of a flat whorl by this volume was created, and when an exoergic 
layer was set as the distance of the same exoergic layer and same exiting coil as the same frequency as the above, and 
the above and was heated from single-sided one side, as for the power-factor, 0.4 and the bird clapper were checked. 
Therefore, a high power-factor can be obtained with the heating apparatus 120 of this operation gestalt. 
[0064] Moreover, you may change only the composition of a middle imprint object with the almost same composition 
as the above-mentioned image formation equipment. For example, as shown in drawin g 7 , you may use the middle 
imprint object 135 of four layer structures which equip the peripheral surface of the sheet base material 141 of the heat- 
resistant shape of endless [ high ] with the exoergic layer 142 and the surface mold release layer 143 on it, and equip it 
with the foaming layer 144 inside the sheet base material 141 further. With such a middle imprint object 135, the 
foaming layer 144 ftmctions as a thermal break, heat-conducting to the member by the side of a temperature fall and 
rear face of the middle imprint object 135 is prevented, and image formation equipment with sufficient thermal 
efficiency is obtained. 

[0065] Drawing 8 is a partial block diagram in which it is shown near the heating apparatus used with the image 
formation equipment which is a claim 3, a claim 4, and the 2nd operation gestalt of invention according to claim 5 or 6. 
With this image formation equipment, the secondary transfer roller 152 is arranged inside the endless belt-like middle 
imprint object 151, and it has the pressure roll 153 which presses the middle imprint object 151 to this secondary 
transfer roller 152. And the heating apparatus 170 equipped with 1st coil 154a which carries out contiguity opposite 
with the peripheral surface of the middle imprint object 151, and 2nd coil 154b arranged inside the secondary transfer 
roller 1 52 is formed in the upstream of the pressure roll 1 53 in the circumference direction of the middle imprint object 
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151. Moreover, the secondary transfer roller 152 is rotating in the direction of an arrow shown all over drawing, and 
exoergic layer 1 52a is prepared near the front face. In addition, other composition of this image formation equipment is 
the same as the image formation equipment shown in drawing 5 . 

[0066] With such image formation equipment, the toner image G primarily imprinted on the middle imprint object 151 
moves in the circumference direction of this middle imprint object, exoergic layer 152a of the secondary transfer roller 
152 is heated by electromagnetic-induction operation in the position in which heating apparatus 170 was formed, and a 
toner image fuses it. The pressure welding of this toner image is carried out to the record material of a room 
temperature in the opposite position of the secondary transfer roller 1 52 and the pressure roll 153, and imprint fixing of 
the toner image is carried out on record material. 

[0067] Drawing_9 is a partial block diagram in which it is shown near the heating apparatus used with the image 
formation equipment which is a claim 3, a claim 4, and the 3rd operation gestalt of invention according to claim 5 or 6. 
With this image formation equipment, the fixed pad 162 is formed inside the endless belt-like middle imprint object 
161, and the pressure roll 163 which presses the middle imprint object 161 to this fixed pad 162 is formed. Record 
material is sent into the pressure- welding section of this fixed pad 162 and the pressure roll 163. Moreover, the interior 
material of a proposal (not shown) which incurvates this middle imprint object 161 and carries out circumference 
movement is prepared, and is near the both ends of the middle imprint object 161 at the upstream of the pressure- 
welding section of the fixed pad 162 and the pressure roll 163. And the heating apparatus 170 which had 1st coil 164a 
and 2nd coil 164b inside this interior material of a proposal so that contiguity opposite might be carried out with near 
the center section of the middle imprint object 161 is arranged. This middle imprint object 161 is the same composition 
as what is shown in d raw ing 6 , and the exoergic layer is prepared in the interior. In addition, other composition of this 
image formation equipment is the same as the equipment shown in drawing 5 . 

[0068] With such image formation equipment, by the opposite section of 1st coil 164a and 2nd coil 164b, the toner 
image G on the middle imprint object 161 is heated by electromagnetic-induction operation, and melting is carried out. 
And it is pressed by movement of the middle imprint object 161 with the record material 165 of a room temperature in 
the pressure- welding section of the fixed pad 162 and the pressure roll 163, and imprint fixing of the toner image is 
carried out on the record material 165. 

[0069] Moreover, as shown in drawing 10 , it may replace with the above-mentioned fixed pad 162, and the roll-like 
member 172 may be arranged. With such equipment, the toner image G on the middle imprint object 171 is conveyed 
in an opposite position with the heating apparatus 180 equipped with 1st coil 174a and 2nd coil 174b, and melting of 
the toner image is carried out by electromagnetic-induction heating. In the pressure-welding section of the roll-like 
member 172 and the pressure roll 173, the pressure welding of this toner image is carried out to the record material of a 
room temperature, and imprint fixing is carried out good on record material. 
[0070] 

[Effect of the Invention] With the heating apparatus concerning the invention in this application, as explained above, 
since an exiting coil is prepared in the both sides of an exoergic layer and an exoergic thin layer-like layer is made to 
penetrate the magnetic flux by this exiting coil, a power-factor can improve compared with the case where an exiting 
coil is prepared only in one side of an exoergic layer, and an exoergic layer can be heated effectively. For this reason, 
while being able to design the power supply of low capacity, miniaturization of heating apparatus and recovery of 
magnetic leakage flux can be performed efficiently. Moreover, such heating apparatus can be applied to image 
formation equipment, and the toner on a toner image support conveyance object can be rapidly fUsed by preparing and 
heating an exiting coil on both sides of a toner image support conveyance object which have an exoergic layer. And by 
carrying out the pressure welding of this toner image to a record medium with the press means in a downstream, the 
softened toner adheres in a record medium strongly, and fixing is performed simultaneously with an imprint. For this 
reason, while being able to reduce heat energy, a good imprint fixing picture can be acquired. 
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* NOTICES * 

Japan Patent Offic is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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